(PUFA) such as α-linolenic (ALA, 18:3n-3) and linoleic (LA,) acids as they lack the 52 ∆12 and ∆15 desaturases required for the synthesis of LA and ALA from oleic acid (18:1n-9) 53 (Tocher, 2010(Tocher, , 2015 Tocher and Glencross, 2015 Sargent et al., 2002; Tocher and Glencross, 2015).
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(Sigma-Aldrich, USA). Purity and concentration of total RNA was assessed using the 138 NanoDrop ® (Labtech International ND-1000 spectrophotometer) and integrity was assessed 139 on an agarose gel. First strand complementary DNA (cDNA) was synthesised using High
140
Capacity cDNA Reverse Transcription Kit (Applied Biosystems TM , USA) following the 141 manufacturer's instructions.
142

Molecular cloning of fads2 and elovl2 cDNAs 143
Amplification of partial fragments of the genes was achieved by polymerase chain reaction
144
(PCR) using a mixture of cDNA from eye, liver, intestine and brain as template and primers
145
FadCGF2F1 and FadCGF2R1 for fads2, and EloCGE2F1 and EloCGE2R1 for elovl2 (Table   146 1). For clarity, it should be noted that the standard gene/protein nomenclature has been used 147 in this study (Castro et al., 2016) . Following conventions accepted for zebrafish (Danio rerio) , proteins are termed with regular fonts (e.g. Fads2) whereas genes are italicised (e.g.
fads2
). Primers used for amplification of the first fragment of target genes were designed on 150 conserved regions of fish orthologues of fads2 and elovl2 according to the following strategy. s, followed by a final extension at 72 °C for 7 min. The PCR fragments were purified using 167 the Illustra GFX PCR DNA/gel band purification kit (GE Healthcare, Little Chalfont, UK), 168 and sequenced (GATC Biotech Ltd., Konstanz, Germany). The primers used in this study and 169 their sequences are presented in Table 1 .
170
In order to obtain full-length cDNA sequences, Rapid Amplification of cDNA Ends (18:3n-3, 18:2n-6, 18:4n-3 and 18:3n-6), C 20 (20:5n-3 and 220 20:4n-6) and C 22 (22:5n-3 and 22:4n-6) PUFA. After 2 days, the yeasts were harvested, and 18:2n-6 were desaturated to 18:4n-3 (42 % conversion) and 18:3n-6 (23 %), respectively, 317 indicating the encoded protein had ∆6 Fads activity ( Fig. 3A ; Table 2 ). Moreover, the 318 transgenic yeast was able to desaturate 20:4n-3 and 20:3n-6 to 20:5n-3 (19 %) and 20:4n-6 319 (14 %), respectively, indicating the C. gariepinus Fads2 also had ∆5 activity ( Fig. 3C ; Table   320 2), and thus these results confirm that this Fads2 from C. gariepinus is a bifunctional ∆6∆5
321
Fads. Additionally, the C. gariepinus Fads2 showed ∆8 Fads activity as the yeast transformed 322 with pYES2-fads2 were able to desaturate 20:3n-3 and 20:2n-6 to 20:4n-3 and 20:3n-6, respectively ( Fig. 3B and Table 2 ). No additional peaks were observed when yeast expressing 324 the C. gariepinus fads2 were grown in the presence of 22:5n-3 and 22:4n-6 ( Fig. 3D ; Table   325 2).
326
The C. gariepinus Elovl2 showed the ability to elongate C 18-22 PUFA substrates ( Fig. 4; 327 show that marine species such as the Atlantic herring Clupea harengus (Fig. 2) , 2009; Buzzi et al., 1996; Tocher et al., 2003) . Further studies will aim to 441 elucidate whether the newly cloned Fads2 or other Fads potentially co-existing in the C. 
449
Expression analysis showed fads2, elovl2 and elovl5 were expressed in all tissues analysed.
450
Consistent with the vast majority of freshwater species studied, the tissue distribution patterns reported to be most highly expressed in intestine (Zheng et al., 2005) . The expression of 460 elovl5 was also high in liver but was highest in the intestine.
461
In conclusion, we have successfully cloned and characterised fads2 and elovl2 genes that 462 encode enzymes with a broad range of substrate specificities from C. gariepinus. Sprecher, H., 2000. Metabolism of highly unsaturated n-3 and n-6 fatty acids. Biochim.
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